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OF2 FORMATION BY ELECTROLYSIS OF WET HF* 
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INTRODUCTION 

(Flox) ,  and 2)  oxygen d i f l u o r i d e  (OF2) (1). Although F2 is  d i f f i c u l t  t o  handle ,  
much e f f o r t  i s  being devoted t o  o b t a i n i n g  t h e  b e n e f i t s  of Flox. On t h e  o t h e r  hand, 
OF2 r e p r e s e n t s  t h e  optimum 3/F r a t i o  f o r  hydrocarbon oxida t ion ,  and i t s  use would 
reduce handl ing  problems and l e a d  t o  b e t t e r  performance because of  h igher  d e n s i t y .  
However, because OF2 is  expensive and has a h i g h  flame temperature ,  i n t e r e s t  i n  it 
has been l imited.  

u t i l i z e s  F2 i n e f f i c i e n t l y .  
HF has  been known s i n c e  1927 ( 3 ) ,  t h i s  process  w a s  not  suggested as t h e  p r e f e r r e d  
method f o r  OF2 product ion u n t i l  1955 ( 4 ) .  
f o r  e l e c t r o l y s i s  of HF c o n t a i n i n g  1-20% water  (5) ,  bu t  our r e s u l t s  are q u i t e  d i f -  
f e r e n t .  

t h a t  n o t  on ly  a r e  u s e f u l  i n  e v a l u a t i n g  t h e  e l e c t r o l y t i c  process ,  bu t  a l s o  e s t a b -  
l i s h  o p e r a t i n g  condi t ions  t h a t  ensure  c o n s i s t e n t  y i e l d s  of OF2. I n  s tudying  how 
the  e l e c t r o l y s i s  v a r i a b l e s  a f f e c t  t h e  product  d i s t r i b u t i o n ,  w e  found t h a t  t h e  con- 
c e n t r a t i o n  of H20 i n  t h e  HF i s  a s i g n i f i c a n t  v a r i a b l e ,  and t h a t  p e r i o d i c  i n t e r r u p -  
t i o n  of  t h e  e l e c t r o l y s i s  w i l l  s t a b i l i z e  t h e  otherwise e r r a t i c  product ion of  OF2. 

The b e s t  o x i d i z e r s  f o r  hydrocarbon f u e l s  a r e :  1 )  a mixture of 0 2  and F2 

The g e n e r a l l y  c i t e d  method f o r  t h e  p r e p a r a t i o n  of OF2 f r o m F 2  and base (2)  
Although t h e  presence of OF2 i n  t h e  e l e c t r o l y s i s  of  

Yie lds  of 60% OF2 have been claimed 

Our work t o  determine t h e  mechanism of OF bond formation has provided d a t a  

EXPERIMENTAL 
Our i n i t i a l  experiments involved a b a s i c  procedure i n  which t h e  e l e c t r o l y t e  

Our main pur- 
was 250 m l  of HF containing about  1 mole % KF, and e l e c t r o l y s i s  was c a r r i e d  out  
w i t h  n i c k e l  anodes a t  7.0-7.6 volts and 0-3OC i n  a s t a t i c  system. 
pose was t o  determine hod t h e  H20 concent ra t ion  i n  t h e  e l e c t r o l y t e  a f f e c t e d  t h e  
product  d i s t r i b u t i o n .  Thus, w e  added a known amount of water  t o  t h e  e l e c t r o l y t e ,  
allowed t h e  e l e c t r o l y s i s  t o  proceed through an induct ion  per iod,  and then c o l -  
l e c t e d  and analyzed t h e  gaseous products--H2 a t  t h e  cathode, and OFg, F2, 0 2 ,  and 
03 a t  t h e  anode. 

method f o r  monitoring and main ta in ing  the H20 concent ra t ion  i n  t h e  HF, and ac- 
c u r a t e  methods f o r  ana lyz ing  m o s t  of t h e  products. Consequently our l a t e r  experi-  
ments were more c l o s e l y  c o n t r o l l e d .  
E l e c t r o l y s i s  Apparatus 

smaller anodes were used a s  t h e  ana lyses  were improved ( p r e s e n t l y  1 0  CIS), but  
the  e l e c t r o l y t e  volum: was h e l d  c o n s t a n t  a t  250 m l  t o  s im?l i fy  monitoring of the  
H 2 0  concent ra t ion .  

The present  des ign  is  s h o m  i n  F igure  1. The c e l l  i t s e l f  i s  a 300-1111 Kel-F 
cup equipped with a s t a i n l e s s  s t ee l  cap and a Teflon gasket .  (The l i q u i d  l e v e l  
can be  observed through t h e  t r a n s l u c e n t  Kel-F.) The cap inc ludes  a thermocouple 
w e l l  and e l e c t r o d e  l e a d s ;  s e p a r a t e  p o r t s  f o r  in t roducing  e l e c t r o l y t e ,  adding H20 ,  
r e p l a c i n g  anode, and f l u s h i n g  w i t h  helium; and s e p a r a t e  l i n e s  f o r  c i r c u l a t i n g  the 
e l e c t r o l y t e  t o  an i n f r a r e d  c e l l  and f o r  passing t h e  gaseous products  through a 

:': Research reported i n  t h i s  p u b l i c a t i o n  was supported by t h e  Advanced Research 
P r o j e c t s  Agency through t h e  U.S. Army Research Office-Durham under c o n t r a c t  
DA-31-124-ARO(D)-78. This r e p o r t  a l s o  d i s c l o s e s  p r o p r i e t a r y  informat ion  owned 
by t h e  American O i l  Company, and i t s  use by o t h e r s  i s  prohib i ted ,  except  as 
may be provided by t h e  c o n t r a c t .  

A s  our  work  progressed,  we developed o t h e r  e l e c t r o l y s i s  c e l l s ,  a convenient  

Development of t h e  e l e c t r o l y s i s  c e l l  involved s e v e r a l  designs.  General ly ,  

- 
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d r y  i c e  (-78OC) condenser. A NaF scrubber  is  loca ted  a f t e r  t h e  condenser t o  re -  
move t h e  las t  t r a c e s  of HF from t h e  gases .  During t h e  e l e c t r o l y s i s ,  t h e  c e l l  is 
immersed i n  a n  i c e  bath. 
t r o l y s i s  cause t h e  e l e c t r o l y t e  t o  s t a y  a t  12-15°C. 

The power supply is an E l e c t r o  Products  Model D-612T. 
rupted opera t ion ,  it i s  connected t o  the  e l e c t r o l y s i s  c e l l  through a mercury r e l a y  
t h a t  i s  operated by a f lexopulse  timer (Eagle S i g n a l  Corp.). 

For s tudy  of s u r f a c e  d e p o s i t s  and weight changes, t h e  anole  i s  removed and 
r insed  with HF t o  remove KF. The HF is  removed a t  reduced pressure .  

However, c i r c u l a t i o n  through t h e  i n f r a r e d  c e l l  and e lec-  

For automatic  i n t e r -  

Gas Analysis --- 
I n  our e a r l y  experiments, t h e  gaseous products  were allowed t o  r e a c t  w i t h  K I  

s o l u t i o n s ,  which were then analyzed f o r  I2 and f l u o r i d e  ion. 
mint, 03 was trappFd out  on s i l i c a  g e l  (6) and analyzed s e p a r a t e l y .  Then, a dual-  
column gas chromatograph, one column t o  remove 03 fo l loded  by one t o  s e p a r a t e  o ther  
com?onents, was added t o  increase  t h e  speed o f  a n a l y s i s  and inc lude  H2 and 02. 

ture-programmid, single-column se tup  s h o m  i n  F igure  2 .  Because t h e  products a r e  
o x i d i z e r s ,  t h e  m a t e r i a l s  of c o n s t r u c t i o n  a r e  l imi ted  t o  d r y  and degreased metals 
and f luorocarbon p l a s t i c s .  P a s s i v a t i o n  wi th  OF2 and 03 is a l s o  necessary.  
6-in. co1um-s of s i l i c a  g e l  used i n  t h e  s e t u p  a r e  a compromise i n  length- - to  mini- 
mize 03 decomposition and s t i l l  pzrmit  s e p a r a t i o n  of H2 and 0 2  a t  a r e a d i l y  obtain-  
a b l e  temperature. 

which has been passed through a c o i l  i n  l i q u i d  N2.  Then t h e  gases  t o  be analyzed 
a r e  i n j e c t e d  i n t o  one column by a Perkin-Elmer sampling va lve ,  and t h e  re ference  
c a r r i e r  gas i s  t r e a t e d  i n  t h e  same way on t h e  second column. A f t e r  sampling i s  
com?lete, t h e  l i q u i d  N2 i s  removed and t h e  a i r  f low i s  cont inued €or  about 5 
minutes, or long enough t o  warm t h e  columns t o  about -10°C and remove t h e  03. 
Yields ,  as percent  of c u r r e n t ,  are c a l c u l a t e d  from t h e  gas  chromatographic d a t a  
and amperage, sample volume, and t o t a l  gas f low measurements. 

mal conduct iv i ty  d e t e c t o r  has a lod s e n s i t i v i t y  f o r  H2,  and h igh  concent ra t ions  
cannot be allowed because response is  not  l i n e a r .  Consequently, the flow of he- 
lium through t h e  e l e c t r o l y s i s  c e l l  must be ad jus ted  t o  keep t h e  Hg concent ra t ion  
i n  t h e  s e n s i t i v e  range. Also, even a f t e r  prolonged pass iva t ion ,  t h e  components of 
the  system s t i l l  r e a c t  with F2, so t h a t  only q u a l i t a t i v e  t r a c e  peaks are obtained 
f o r  F2. 
r e l i a b l y  ( 7 ) ,  t h e  t r u e  03 y i e l d s  may be h igher  than repor ted ;  02 y i e l d s  would be 
correspoadingly lower. 
Analysis  and Control  of H70 Concentrat ion i n  E l e c t r o l y t e  

Karl  F isher  (8) o r  i n f r a r e d  (9)  techniques.  The d i f f i c u l t i e s  were resolved by t h e  
closed system f o r  continuous a n a l y s i s  s h o m  i n  F igure  3.  
a l l  p a r t s  t h a t  c o n t a c t  the  e l e c t r o l y t e  made of Teflon,  except  t h e  Hasteloy C b a l l s  
i n  t h e  check va lves)  c i r c u l a t e s  t h e  e l e c t r o l y t e  t o  an Inf racord  through FEP o r  Kel- 
F tubing.  The c211s, shown i n  F igure  4 ,  a r e  made of tub ing  compressed t o  a th ick-  
ness  of about 2 mm between CaF2 p l a t e s .  
and t o  increase  t h e  s e n s i t i v i t y ,  a metal  sc reen  is  placed a t  t h e  widest  a p e r t u r e  
of the  re ference  beam t o  balance t h e  instrument  t o  near f u l l - s c a l e  reading when t h e  
c e l l  conta in ing  t h e  d r y  e l e c t r o l y t e  i s  i n  t h e  sample beam. 
gradual  fogging of t i e  tubing and t h e  CaF2 p l a t e s  causes a l l  c e l l s  t o  show a slow 
s h i f t  i n  base l i n e ,  t h e  u s u a l  absorbance vs. concent ra t ion  c a l i b r a t i o n  cannot be 
used. I n s t e a d ,  a “compensated” t ransmi t tance  (Tc) VS. concent ra t ion  was calcu-  
l a t e d  from t h e  absorp t ion  a t  1.1211, where H20 does not  absorb:  

I n  a l a t e r  improve- 

Fur ther  improvenents i n  speed and s e n s i t i v i t y  were obtained with t h e  tempera- 

The 

For a t y p i c a l  a n a l y s i s ,  t h e  columns a r e  cooled t o  about -75°C by d r y  a i r  

This a n a l y s i s  s t i l l  has l i m i t a t i o n s  with r e s p e c t  t o  H2, F2, and 03.  The ther -  

Because 03 decom?oses r e a d i l y  and is  d i f f i c u l t  t o  d e t e c t  and determine 

- 
Because HF has a marked a f f i n i t y  f o r  water ,  we  could not  analyze by ord inary  

A diaphragm pump (with 

The H20 absorp t ion  i s  measured a t  1.95p, 

However, because a 

Tc - %T 1.9511 of e1ect;olyte vs. screeq 
%T 1 ,121~ .  of e l e c t r o l y t e  vs. a i r  

The motor-driven syr inge  (Figure 3) i s  used t o  add H20 t o  t h e  e l e c t r o l y t e  and 
thus t o  maintain a cons tan t  H20  concent ra t ion  dur ing  e l e c t r o l y s i s .  
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Hydrogen peroxide i s  a p o s s i b l e  com?onent of  t h e  e l e c t r o l y t e ,  b u t ,  i f  p r e s e n t ,  
i t s  maximum concent ra t ion  d i d  n o t  exceed 0.005 mole %. Our t e s t s  shoded t h a t  
added concent ra t ions  of 0.05 mole % had a n e g l i g i b l e  e f f e c t  on  t h e  1 . 9 5 ~  absorp- 
t i o n .  

t h e r e f o r e  was not  a problem. 
Although KF does absorb a t  1.9511, i t s  concent ra t ion  was  held cons tan t  and 

RESULTS 
One of our  e a r l y  experiments  t o  determine t h e  e f f e c t  of H20 concent ra t ion  on 

the  product  d i s t r i b u t i o n  i s  shown i n  F igure  5.  Here, e l e c t r o l y s i s  w a s  continuous 
and H20  was  added incrementa l ly .  
creased beyond about 0.5% and t h e n  leve led  out  a t  7-10% OF2. Ozone increased  as 
OF2 decreased and appeared t o  pass  through a broad maximum. Oxygen apparent ly  i s  
l a r g e l y  independent of t h e  o t h e r  products ,  s i n c e  i t  remained cons tan t  a t  45-50%. 
Current  e f f i c i e n c y  f o r  H2 and t o t a l  anode gas  decreased as H20 increased,  p o s s i b l y  
because t h e  cathode was d e p o l a r i z e d  by d i s s o l v e d  anode products. 

Curve A is  t h e  same run 
shown i n  F i g u r e  5 .  Curve B is  a l s o  a continuous run ,  except  t h a t  t h e  H 2 0  concen- 
t r a t i o n  of  t h e  e l e c t r o l y t e  w a s  high i n i t i a l l y  and then  decreased as H20 w a s  con- 
sumed. Curve C i s  a run  i n  which e l e c t r o l y s i s  w a s  stopped a f t e r  each sample had 
been taken  f o r  gas a n a l y s i s ,  and H20 was added b e f o r e  e l e c t r o l y s i s  was  continued. 
Among t h e s e  runs the  y i e l d  of OF2 w a s  n o t  t h e  same a t  a g iven  H20 concent ra t ion  
and appeared t o  depend on t h e  manner of opera t ion .  A l l  t h r e e  curves show maximum 
OF2 y i e l d s  over  a narrow range  o f  H20 concent ra t ion  c e n t e r i n g  below 1.0%. A t  
h igher  H20 l e v e l s ,  t h e  i n t e r r u p t e d  e l e c t r o l y s i s  gave b e t t e r  OF2 y i e l d s  than  the  
cont inuous.  
n e n t l y  a f f e c t  t h e  anode, because high OF2 y i e l d s  were r e s t o r e d  as t h e  e l e c t r o l y t e  
d r i e d  (Curve B) .  

F igure  7 (Run 1) shows the e f f e c t  of  time on OF2 y i e l d  dur ing  contiriuous 
e l e c t r o l y s i s  a t  0.56 mole % H20.  A f a i r l y  cons tan t  (35-36%)  y i e l d  w a s  obtained 
f o r  about  3 hours ,  and then  a s h a r p  unexplained drop occurred. There w a s  no break 
i n  t h e  c u r r e n t  d e n s i t y  t h a t  might i n d i c a t e  an anode s u r f a c e  change. Even t h e  3- 
hour p l a t e a u  was not r e p r o d u c i b l e ,  because t h e  next  r u n  (Run 2 )  showed OF2 y i e l d s  
t h a t  f e l l  r a p i d l y  from t h e  start .  Nevertheless ,  t h e  i n t e r r u p t e d  opera t ion  gave 
higher  OF2 y i e l d s ,  i n  t h a t  Run 2 s t a r t e d  o f f  a t  t h e  same OF2 y i e l d s  as d i d  Run 1. 
Thus t h e  system showed no permanent e f f e c t  from a r u n  t h a t  l a s t e d  many hours  and 
ended w i t h  a low OF2 y i e l d .  
while  H2 was reasonably c o n s t a n t  a t  85-90L a t  t h i s  low water  l e v e l .  
t o t a l  i s  l e s s  than H2, sone u n i d e n t i f i e d  anode products  a r e  poss ib le .  

ges ted  o p e r a t i n g  with planned i n t e r r u p t i o n .  
y i e l d  b u t  a niore cons tan t  y i e l d  w i t h  t i m ?  (F igure  8).  
y i e l d s  were h i g h e r ;  02, 0 3 ,  H2,  and c u r r e n t  d e n s i t y  were lower. 
of H20 on OF2 y i e l d s  i n  t h i s  c o n c e n t r a t i o n  range was c o n s i s t e n t  w i t h  t h e  e a r l i e r  
r e s u l t s  (F igure  5).  

The OF2 y i e l d  dropped very r a p i d l y  as H20 in-  

F i g u r e  6 shows t h r e e  sets of d a t a  f o r  OF2 y i e l d s .  

Continuous e l e c t r o l y s i s  a t  high H20 concent ra t ion  does not  perma- 

The 02 and 02 shoded s l i g h t  increases  with time, 
As anode 

The c o n s i s t e n t  p a t t e r n  i n  which of f -on  o p i r a t i o n  g ives  h igher  OF2 y i e l d s  sug- 
The r e s u l t  was  no t  on ly  a h igher  OF2 

The small e f f e c t  
Moreover, only t h e  OF2 

DISCUSS I O N  

show t h a t  we a r e  approaching t h e  c o n s i s t e n t  o p e r a t i o n  necessary f o r  s y n t h e s i s  o r  
d e t a i l e d  mechanism s t u d i e s .  
ab l e s  o t h e r  than  water .  

t h e  e v a l u a t i o n  of an e l e c t r o c h e m i c a l  s y n t h e s i s .  Although t h e  c u r r e n t  d e n s i t y  
should depend on e l e c t r o l y t e  Concentrat ion and should drop as water  ( a  s t r o n g  
e l e c t r o l y t e  i n  HF) i s  consumzd i n  t h e  e l e c t r o l y s i s ,  i t  does n o t  always. Ins tead  
f o r  t h e  f i r s t  15-30 minutes of  e l e c t r o l y s i s ,  whether o r  no t  water  concent ra t ion  
is  maintained,  the  c u r r e n t  d e n s i t y  increases  i n  both  continuous and i n t e r r u p t e d  
L l e c t r o l y s i s .  This may be due t o  a breakdown i n  a r e s i s t i v e  anode coat ing.  

The h i g h  (45+%) OF2 y i e l d s  t h a t  w e  have observed f o r  long per iods (3-4 hours)  

Achieving maximum y i e l d s  w i l l  r e q u i r e  s tudy  of v a r i -  

I n  a d d i t i o n  t o  y i e l d s ,  c u r r e n t  d e n s i t y  and anode l i f e  are a l s o  important  i n  

Once 

I 



23 1 

a maximum c u r r e n t  i s  reached,  t h e  c u r r e n t  d e n s i t y  remains c o n s t a n t ;  however, i t  
drops a s  t h e  las t  few t e n t h s  percent  water  i s  consumed. Also, high water  l e v e l s  
( > 3 % )  cause low c u r r e n t  d e n s i t i e s .  The maximum c u r r e n t  d e n s i t i e s  were noted a t  
0.5 t o  1.0 inole % water. 

dur ing  continuous e l e c t r o l y s i s :  
We have observed t h a t  n i c k e l  anodes l o s e  weight  a t  low water concent ra t ion  

Mole % Vol ts  Faradays OF2 Yie ld  Weight Loss 
Cll? % of  Current  % of Current  H 7 0  - ----- 

Mostly Continuous Operat ion 
0.2 5.0 - 8.2 .0132 6.0 5.0 

0.2 - 0.5 7.6 .0324 2 0  - 47 1.0 
0.5 - 1.5 7.6 .0670 25 - 10 .01 

0.32 7.0 .0398 35 - 46 none 
0.62 7.0 .lo84 30 - 45 none 

Automatic I n t e r r u p t e d  Operatioil 

The s u r f a c e  of the  n i c k e l  anode i s  q u i t e  d i f f e r e n t  when e l e c t r o l y z e d  a t  bilow 0.2% 
water ,  where F2 i s  genera ted ,  and a t  h igher  water ,  where l i t t l e  o r  no F2 i s  made. 
A t  low water  a f l a k y  d e p o s i t  is  formed, whi le  a t  h igher  water  a t h i n ,  uniform, ad- 
h e r e n t  d e p o s i t  i s  formn-d. A t  low water NiF2 and KNiF3 were d e t e c t e d  by x-ray and 
e l e c t r o n  d i f f r a c t i o n ,  whi le  only NiF2 was  found a t  higher  water .  E l e c t r o n  micros- 
copy i n d i c a t e s  a s o f t ,  porous, m i c r o c r y s t a l l i n n  NiF2 f i l m  when compared t o  t h a t  
produced by a c t i o n  of F2 on n i c k e l  a t  h igh  temperature  (10) .  With i n t e r r u p t e d  
opera t ion  no weight l o s s e s  were found a t  comparable water l e v e l s  and fa radays .  
However, t h e  lower vol tages  and im2roved H20 c o n t r o l  may have a l s o  cont r ibu ted  t o  
anode s t a b i l i t y .  While t h e  t i m E s  h e r e  (10-30 hours)  a r e  s h o r t ,  t h e  d a t a  i n d i c a t e  
t h a t  anode l i f e  should be long. 

product formation and a t  t h e  same t i m e  i s  inf luenced  by e l e c t r o l y s i s  r e a c t i o n s .  
The r e s t o r a t i o n  of high OF2 y i e l d s  as excess  H20 is  e l e c t r o l y z e d  away (Figure 6 ,  
Curve B)  i n d i c a t e s  t h a t  t h e  s u r f a c e  is  formed r e v e r s i b l y .  The n i c k e l - n i c k e l  
f l u o r i d e  anode i s  unique and e s s e n t i a l  t o  OF2 formation. We have found o t h e r  
mc!tals (Cu, Al)  e i t h e r  p a s s i v a t e  completely and r e q u i r e  v e r y  h igh  v o l t a g e s ,  or 
d i s i n t e g r a t e  ( P t )  r a p i d l y  (11). Only 02, no 03 o r  OF2, w a s  found w i t h  these  metals 
The n a t u r e  of changes i n  the n i c k e l - n i c k e l  f l u o r i d e  anode s u r f a c e ,  such as occur 
dur ing  s t a r t - u p ,  is  s t i l l  uncer ta in .  Severa l  p o s s i b i l i t i e s  e x i s t ,  i.e., mechan- 
i c a l  break-up of t h e  f i l m ,  d i f f e r e n t  forms of NiF2 ( a ,  B, y )  (12) ,  o r  mixed oxide- 
f l u o r i d e  f i lms .  

Specula t ion  (13) on e lec t rochemica l  f l u o r i n a t i o n  cons iders  f r e e  F2 as a pos- 
s i b l e  in te rmsdia te  i n  product formation. Our d a t a  appear t o  e l i m i n a t e  t h i s  r o u t e  
f o r  OF2. 
OF2 y i e l d s  u n t i l  t h e  c u r r e n t  i s  i n t e r r u p t e d .  
of water  by K2NiF6 o r  K3NiF6 i n  t h e  f i lm.  However, t h i s  p a t h  i s  u n l i k e l y  because 
K2NiF6 and K3NiF6 r e a c t  wi th  water t o  g ive  only 02 (14). 

The formati02 of 03 along w i t h  OF2 and t h e  absence of 03 as w e l l  as OF2 with 
anodes o ther  than n i c k e l  sugges t  t h a t  t h e  oxygen atom i s  a r e a c t i o n  intermediate .  
Increase  i n  03 y i e l d  when OF2 y i e l d  drops sugges ts  t h a t  oxygen atoms are being 
d i v e r t e d  from OF2 t o  03 f o r m t i o a .  
of t h e  in te rmedia te  s p e c i e s .  

the  one-step e l e c t r o l y s i s  than t h e  two-step process  of r e a c t i n g  F2 wi th  base: 

The anode i s  a key component i n  t h e  e l e c t r o l y s i s .  The s u r f a c e  inf luences  

In cases  where F2 is  found i n  t h e  products ,  adding H20 does not  increase  
Another r o u t e  t o  OF2 is f l u o r i n a t i o n  

F u r t h e r  s tudy  may r e v e a l  t h e  p r e c i s e  n a t u r e  

The o v e r a l l  c u r r e n t  y i e l d  of OF2 and conversion of HF t o  OF2 a r e  h igher  with 
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Current  Conversion 
E f f i c i e n c y  o f  HF t o  OF2 

f o r  OF2 

< 30% 3 0% 
60% l b  2F- + H20 

02 + 2F- + H20 
HF g8z(r5), e l e c t .  F2 + OH- <+,OF2 + 

>OF2  + 03 .t 02 
+ H2° e l e c t .  45% 100% 

Therefore  i n  our  opinion,  much lower c o s t  OF2 would r e s u l t  from a developmznt of 
t h i s  e l e c t r o l y s i s .  Our p r e s e n t  s t u d y  h a s  provided t h e  necessary a n a l y s i s ,  con- 
t r o l  techniques,  and y i e l d  d a t a  and has i n d i c a t e d  a r e a s  f o r  f u r t h e r  p o s s i b l e  i m -  
provements. 
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FIGURE 3 
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FIGURE 7 

C O N T I N U O U S  E L E C T R O L Y S I S  

FIGURE 8 
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